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(57) Abstract 

An apparatus for use as an artifidal bladder (10) for im- 
plantation into a patient. The apparatus is comprised of a blad- 
der (11) having a rigid outer shell (24) and a flexible inner shell 
(25) that are connected at a bladder neck (26) thereby creating 
an open space (27) between the outer shell and inner shell that 
contains a biocompatible fluid, a storage unit (12) for storing the 
biocompatible fluid at a pressure lower than the pressure inside 
the bladder, a pumping unit (13) for creating a positive pressure 
to pump the biocompatible fluid from the storage unit to the 
open space in the bladder, a ureter replacement unit for allowing 
urine to move from the kidneys to the inner shell of the bladder, 
a valve unit (14) for allowing the urine to exit the bladder, a ure- 
ter replacement unit (15) for allowing the urine to exit the body 
from the valve unit and tubing units (16) for allowing the bioc- 
ompatible fluid to move between the bladder, storage unit and 
pumping unit. 
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ARTIFICIAL BLADDER 
Field of Invention 
This invention relates to an implantable artificial 
5 bladder for the collection of, the storage of, and 

discharge of biological fluids, more particularly urine, 
in a patient whose natural bladder failed or has been 
removed . 

10 Background of Invention 

The estimated incidence of bladder carcinoma in the 
United States in 1990 is 49,000. Of these patients, 
3,000 will have a cystectomy performed, and many more 
cystectomies and urinary diversions will be done for 

15 disabling functional disorders of the bladder- 

At the present time, these patients are provided 
with conduits, continent pouches or ureterosigmoidostomy • 
Although these intestinal urinary diversions are markedly 
better than bilateral ureterostomies, the long list of 

20 physical and psychological complications associated with 
their use has spurred investigation into a total 
alloplastic replacement of the lower urinary tract. 
Several set-backs, however, have arisen with the present 
design of the replacement devices. The three main 

25 problem areas that still need to be overcome are renal 
failure from hydronephrosis , infection from urinary 
St at is and external connections and encrustation of the 
luminal surface. 

Most artificial bladder replacements have relied on 

30 \ireteric pressure to expand a flexible bladder. 

Unfortunately, when these bladders are placed intra- 
abdominally, a fibrous capsule has developed around the 
prosthesis restricting the filling of the bladder. This 
restriction can cause a retention of urine by the kidneys 

35 and the development of hydronephrosis. 

In addition, in most prosthesis, gravity has been 
the basis of bladder emptying. Although this has been 
effective on bench testing, most models have been found 
to have large residual voliimes of urine after 
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implementation. A fibrous capsule can also cause 
retention of urine because it inhibits complete collapse 
of the bladder. The presence of this residual urine 
increases the risk of encrustation and can lead to 
5 infection and stone foimation- Therefore, there arises 
the need for an artificial bladder that overcomes 
hydronephrosis and reduces the risk of infection and 
encrustation. 

10 Summary of Invention 

The present invention is for an artificial bladder 
that reduces the risk of hydronephrosis by negative 
pressure drainage of the kidneys . The invention also 
reduces the risk of infection and encrustation by active 

15 voiding of the bladder system to insure that no residual 
urine remains in the bladder after emptying. 

The invention incorporates a bladder with a hard 
outer shell and a collapsible inner shell. The outer and 
inner shell are connected at a bladder neck leaving an 

20 open space between the outer shell and the inner shell 
that is filled with a biocompatible fluid. The hard 
outer shell of the invention prevents any interference 
from the surrounding tissues to prevent them from 
restricting the filling or emptying of the bladder. 

25 The bladder is connected in series with a reservoir 

that is arranged and configured to create a negative 
press\ire gradient between the reservoir in the bladder 
and a pumping means to enable the biocompatible fluid to 
flow between the bladder, reservoir and pump. Ureter 

30 tubes are connected to the kidneys and to the bladder 
neck so that urine can flow from the kidneys to the 
bladder inner shell. The negative pressure gradient 
between the reservoir and the bladder causes the 
biocompatible fluid to flow from the open space in the 

35 bladder to the reservoir, which in turn causes urine to 
be drawn from the kidneys into the bladder inner shell. 
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This negative pressure drainage of the kidneys prevents 
backflow of urine from the bladder to the kidneys, 
therefore, preventing renal failure from hydronephrosis. 
When the bladder is full, the patient activates the 
5 pump causing biocompatible fluid to flow from the 

reservoir, through the pump and into the open space in 
the bladder. As the biocompatible fluid is forced into 
the open space from the pump the bladder inner shell 
collapses forcing the urine through a valve and out of 
10 the body. This active voiding of urine from the bladder 
assures that no urine remains in the bladder, therefore, 
reducing the risk of an infection and encrustation. 



^5 FIG. 1 is a front elevational view of the preferred 

embodiment of the invention; 

FIG. 2 is a side elevational view of the preferred 

embodiment of the invention with portions of the 

reservoir cut away; 
20 FIG. 3 is an elevational view of the preferred 

embodiment of the urethral valve in its closed position; 
FIG. 4 is an elevational view of the preferred 

embodiment of the urethral valve as positioned when the 

bladder is full; 

25 FIG. 5 is an elevational view of the preferred 

embodiment of the urethral valve in its open position; 

FIG- 6 is a schematic illustration of the reservoir 
as shown when the reservoir is empty. 

30 Detailed Description of the Preferred Embodiment 

Referring to the drawings wherein like numerals 
designate like parts, the preferred embodiment of the 
invention is an artificial bladder 10 generally shown in 
FIG. 1 for implementation into a patient. The artificial 

35 bladder 10 is comprised of a bladder generally identified 
as 11, a reservoir generally identified as 12, a pump 13, 



Brief Description of the Drawings 
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a urethral valve 14, a urethra tube 15, ureter tubes 16, 
a first tubing member 17, a second tubing member 18, a 
third tubing member 19 and a fourth tubing member 20. 

The bladder 11 is comprised of a 300-ml hard outer 
5 shell 24 made of rigid polysulphone and a 230-ml flexible 
inner shell 25 made of silicone. The outer shell 24 and 
inner shell 25 are connected at the bladder neck 26 
creating an open space 27 between the outer shell 24 and 
inner shell 25. The inner shell 25 is flexible and 

10 expands as urine enters the bladder 11- The open space 
27 contains saline or some other suitable biocompatible 
fluid and is separated from the urine stream by the 
attachment of the inner shell 25 at the bladder neck 26. 

In the preferred embodiment, the ureter tubes 16 are 

15 made of 8-f silicone tubing reinforced with a nylon 

spiral to prevent kinking. The proximate end of ureter 
tube 16 contains a 4.5-f silicone pigtail 21 for 
insertion into the renal pelvis, and a 0.5-cm. dacron 
cuff 22 that is used to facilitate anastomosis with the 

20 uretic stump. The placement of the pigtail 21 in the 

renal pelvis overcomes the problem of papilloma formation 
by reducing irritation and increasing the distance of the 
connection of the Tireter tube 16 from the site of 
anastomosis . 

25 At the distal end of the ureter tube 16 is a 

silicone latex rubber duckbill antirefliix valve 23. This 
antireflux valve 23 allows urine to flow through the 
ureter tube 16 to the inner shell 25 of the bladder 11 
during the filling of the bladder 11, but prevents the 

30 flow of urine from the inner shell 25 to the ureter tube 
16 during the emptying of the bladder 11. 

The reservoir 12, best shown in FIG. 2, is comprised 
of a polysulphone rigid base 28, generally shaped like a 
truncated cone, and a flexible silicone dome 29, which 

35 are compressed together by two stainless steel rings 30 
to form a fluid tight chamber. An ll-cm. stainless steel 
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spring 31 is located inside the reservoir 12 with one end 
attached to the rigid base 28 and the other end attached 
to the flexible dome 29. This reservoir 12 arrangement 
is used to create a negative pressure gradient as 
5 compared to the secretory pressure of the kidney which is 
believed to be between 2 and 10 cm of H2O. 

The pump 13 is preferably of a manual operation 
design and is placed on the inside of the patient near 
the skin in a location that is easily accessible by the 

10 patient. One such location could be the scrotum. The 
pump 13 used in this preferred embodiment is made of 
silicone and is unidirectional having a 2-ml volume. 
Those skilled in the art would recognize that electrical 
or electro- mechanical piimps could also be used. 

15 One end of an 8-f first tubing member 17 is attached 

to an aperture in the outer shell 24 of the bladder 11 
and the opposite end of the first tubing member 17 is 
attached to an aperture in the reservoir rigid base 28/ 
thereby enabling saline to travel from the bladder 11 to 

20 the reservoir 12. The negative pressure gradient between 
the reservoir 12 and bladder 11 causes saline to flow 
from the bladder 11 to the reservoir 12. The first 
tubing member 17 ^ therefore, also contains a polysulphone 
orifice 32 to regulate the rate of fluid moving from the 

25 bladder 11 to the reservoir 12. Four parallel ceramic 
filters 33 are also contained in the first tubing member 
17 and are located between the bladder 11 and the orifice 
32 to remove any particulate matter that might obstruct 
the orifice 32. 

30 One end of a 8-f silicone second tubing member 18 is 

attached to an aperture in the rigid base 28 of the 
reservoir 12 and the other end is attached to the pump 13 
to allow saline to flow from the reservoir 12 to the pump 
13. One end of an 8-f silicone third tubing member 19 is 

35 attached to the pump 13 and the other end is attached to 
an aperture in the outer shell 24 of the bladder 11. The 
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third tubing member 19 also contains an antireflux valve 
43 at the attachment to the bladder 11 to allow saline to 
flow from the pump 13 to the bladder 11, but preventing 
saline from flowing from the bladder 11 to the piunp 13. 
■ 5 The preferred embodiment of the urethral valve 14, 

best shown in FIGS. 3-5, is a machined polysulphone valve 
that is divided into a first chamber 34 and a second 
chamber 35. The first chamber 34 is connected both to 
the urethra tiibe 15 and to the bladder neck 26 and thus 
10 acts as the xirine conduit. A stainless steel poppit 36 
with a sharp rim 37 around its edge is located in the 
first chamber 34 on one end of a central rod 39. The 
sharp rim 37 abuts a silicone seat 38 to create a 
watertight seal that obstructs urine flow when the 
15 urethral valve 14 is closed. The central rod 39 extends 
through both the first chamber 34 and second chamber 35 
and is supported by flexible silicone diaphragms 40 which 
enable the central rod 39 to move back and forth in an 
axial direction- A valve spring 41 and screw cap 42 are 
20 located on the end of the central rod 39 opposite to the 
poppit 36 to insure that the urethral valve 14 is closed 
when in the resting position. The screw cap 42 can be 
adjusted to change the amount of compression in the valve 
spring 41 to change the opening or leak pressure of the 
25 urethral valve 14. 

The second chamber 35 is connected to the reservoir 
12 and the pump 13 by an 8- f silicone fourth tiobing 
member 20 that has one end attached to the second chamber 
35, a second end attached to the first tubing member 17 
30 and a third end attached to the third taibing member 19. 
The second chamber 35 is thereby placed in fluid . 
connection with the reservoir 12 and the pump 13. 

The preferred embodiment of the urethral tube 15 is 
an 18-f silicone txibe with a dacron cuff 44 generally 
35 located at its proximal end for attachment to the 

urethral stump. In the preferred embodiment, the urethra 
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tube 15 extends beyond the sphincter to eliminate the 
problems with urine leaks at the urethral anastomosis 
that exist in shorter ureter tube 15 designs • 

During bladder filling, the negative pressure in the 
5 reservoir 12 causes saline to be drawn from the open 
space 27 in the bladder 11 through the first tubing 
member 17 and into the reservoir 12. This removal of 
saline creates a negative pressure in the inner shell 25 
of the bladder 11 causing urine to be drawn from the 

10 kidneys, through the ureter tube 16 and into the inner 
shell 25 of the bladder 11. This negative pressure 
drainage of the kidneys eliminates the problem of 
hydronephrosis that can be present with existing designs. 
The negative pressure in the reservoir 12 also 

15 causes the diaphragm 40 located in the second chamber 35 
of the urethral valve 14 to be drawn axially toward the 
poppit 36 helping to seal the first chamber 34, FIG. 3. 
As the reservoir 12 continues to fill with saline, the 
pressure in the reservoir will increase, reducing the 

20 negative pressure gradient between the reservoir 12 and 
the bladder 11. When the inner shell 25 of the bladder 
11 is full, the pressure from the urine on the diaphragm 
40 in the first chamber 34 will be great enough to cause 
the poppit 36 to open slightly allowing a small amount of 

25 urine to leak through the first cheimber 34, FIG. 4. This 
leakage acts as a signal to the patient that the bladder 
11 is full and needs to be emptied. 

The patient then activates the pump 13 to empty the 
bladder 11. As the pump 13 is activated, the pressure of 

30 the saline in the second chamber 35 is increased forcing 
the diaphragm 4 0 in the second chamber 35 of the urethral 
valve 14 to move toward the valve spring 41, forcing the 
central rod 39 to move toward the valve spring 41 and 
opening the first chamber 34, FIG. 5. The activated pump 

35 13 also draws saline from the reservoir 12 and forces it 
into the open space 27 increasing the pressure in the 
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bladder 11 and causing the inner shell 25 to collapse • 
The collapsing of the inner shell 25 assures that the 
bladder 11 is completely emptied. However^ this 
increased pressure in the bladder 11 requires the use of 
5 the antireflux valves 23 on the ureter tubes 16 to 
prevent urine from backing up into the kidneys . 

In addition, as the pump 13 draws saline from the 
reservoir 12, the pressure in the reservoir 12 is 
decreased causing the silicone dome 29 to collapse and 
10 the spring 31 to compress, FIG. 6. By the time the 

patient discontinues the use of the pump 13, the pressure 
in the reservoir 12 is again lower than the pressure of 
the bladder 11, causing the saline to be drawn from the 
bladder 11 to the reservoir 12 and urine to be drawn from 
15 the kidneys to the bladder 11. As saline continues to 
enter the reservoir 12, the pressure in the reservoir 12 
will increase, allowing the spring 31 to expand moving 
the silicone dome 29 outward and thereby increasing the 
volume of the reservoir 12 • The changing volume of the 
20 reservoir 12 creates a smooth pressure transition as the 
reservoir 12 fills with saline and the pressure of the 
reservoir 12 increases . 

Although characteristics and advantages together 
with details for structure, materials, function and 
25 process steps have been described in reference to a 

preferred embodiment herein, it is understood that the 
disclosure is illustrative. To that degree, various 
changes.. made, especially to the matters of shape, size 
and arrangement, to the full extent extended by the 
30 general meaning of the terms in which the appended claims 
are expressed, are within the principals of the present 
invention . 
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WHAT IS CLAIMED IS 

1. An artificial bladder comprising: 

(a) a bladder having a rigid outer shell and an inner 
flexible shell that are connected at a bladder 

5 neck thereby creating an open space between said 

outer shell and said inner flexible shell; 

(b) a reservoir having a rigid base and a flexible 
dome, and a means for securing said flexible dome 
to said rigid base thereby creating a fluid tight 

10 inner opening with a variable volume; 

(c) a spring-type member located within said inner 
opening of said reservoir with first and second 
ends wherein said first end is connected to said 
rigid base and said second end is connected to 

15 said flexible dome; 

(d) a pumping means for pumping biocompatible fluid 
from said reservoir to said open space in said 
bladder; 

(e) a urethra tube arranged and configured to allow 
20 urine to exit the body; 

(f) a urethral valve having first and second chambers 
attached to said neck of said bladder and to said 
urethra tube,, said first chamber arranged and 
configured to allow urine to flow from said 

25 bladder to said urethra tube and said second 

chamber arranged and configured to be in fluid 
connection with said pump and said reservoir, and 
a valve arranged and configured to open and close 
said first chamber; 

(g) ureter tubes having first and second ends wherein 
said first end is arranged and configured to allow 
urine to flow from the kidneys into said ureter 
tube and having an antireflux valve that is 



30 
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arranged and configured to allow the flow of urine 
from the kidneys to the bladder, but preventing 
the flow of urine from the bladder to the kidneys; 
(h) a first tubing member with first and second ends, 
5 wherein said first end is connected to said 

reservoir and said second end is connected to said 
bladder whereby said biocompatible fluid can flow 
from said open space in said bladder to said 
reservoir; 

10 (i) a second tubing member with first and second ends, 

wherein said first end is connected to said 
reservoir and said second end is connected to said 
pvmp whereby said biocompatible fluid can flow 
from said reservoir to said ptrnip; 
15 (j) a third tubing member with first and second ends, 

wherein said first end is connected to said pump 
and said second end is connected to said bladder 
by a antireflux valve, whereby said biocompatible 
fluid can flow from said pump to said open space 
20 in said bladder, but said biocompatible fluid 

cannot flow from said open space in said bladder 
to said pump; and 
(k) a fourth tubing member with a first end connected 
to said urethral valve second chamber, a second 
25 end connected to said first tubing member and a 

third end connected to said third tubing member, 
whereby said second chamber of said urethral valve 
is in fluid connection with said reservoir and 
said pumpi 



30 



An artificial bladder comprising: 

(a) a bladder having a rigid outer shell and an inner 
flexible shell that are connected at a bladder 
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neck thereby creating an open space between said 
outer shell and said inner flexible shell that 
contains a biocompatible fluid; 

(b) a means for storing said biocompatible fluid at a 
5 pressure lower than the pressure inside said 

bladder; 

(c) a means for allowing said biocompatible fluid to 
flow from said bladder open space to said storage 
means ; 

10 (d) a pumping means for creating a positive pressure 

to pump said biocompatible fluid from said storage 
means to said open space in said bladder; 

(e) a means for allowing said biocompatible fluid to 
move from said storage means to said pumping 

15 means; 

(f) a means for allowing said biocompatible fluid to 
move from said piamping means to said open space in 
said bladder; 

(g) a means for allowing urine to move from the 
20 kidneys to said bladdeif; 

(h) a means for preventing urine from moving from said 
bladder to the kidneys ; 

(i) a valve means for allowing urine to exit said 
bladder; and 

25 (j) a means for allowing urine to exit the body from 

said valve means. 
3, An artificial bladder according to claim 2 wherein said 
means for allowing urine to flow from the kidneys to 
said bladder is silicone tubing reenforced with a nylon 
30 spiral to prevent kinking. 
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An artificial bladder according to claim 2 wherein said 
means for preventing urine from flowing from the 
bladder to the kidneys is an antireflux valve. 

An artificial bladder according to claim 2 wherein said 
means for allowing the movement of biocompatible- fluid 
from said bladder to said storage means comprises a 
silicone tube with an orifice for regulating the flow 
rate of the biocompatible fluid. 

An artificial bladder according to claim 2 wherein said 
pumping means is a manually operated silicone pump 
generally located inside the patient near the skin. 

An artificial bladder according to claim 2 wherein said 
valve means for allowing urine to exit the bladder is 
comprised of a valve with first and second chambers^ 
said first chamber connecting said bladder to said 
means for allowing the urine to exit the body and said 
second chamber arranged and configured to be in fluid 
contact with said storage means and said pump,^ and a 
spring loaded poppit that seals off said first chamber 
but opens said first chamber when the pressure of said 
biocompatible fluid is increased during the operation 
of the pumping means . 

An cirtificial bladder according to claim 2 wherein said 
means for storing said biocompatible fluid is a 
reservoir having a rigid base and a flexible dome and a 
means for securing said flexible dome to said rigid 
base thereby creating a fluid type inner opening with a 
variable volume, and a spring type member located 
within said inner opening with first and second ends 
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wherein said first end is connected to said rigid base 
and said second end is connected to said flexible dome. 

A reservoir according to claim 8 wherein said means for 
securing said flexible dome to said rigid base is a 
pair of steel rings that compress the flexible dome to 
the rigid base. 

An artificial bladder according to claim 2 wherein said 
means for allowing said biocompatible fluid to move 
from said storage means to said pumping means is a 
silicone tube. 

An artificial bladder according to claim 2 wherein said 
means for allowing said biocompatible fluid to move 
from said pumping means to said open space is a 
silicone tube with an antireflux valve to allow said 
biocompatible fluid to flow from said pumping means to 
said open space, but preventing said biocompatible 
fluid from moving from said open space to said pumping 



means • 



25 



12. An artificial bladder according to claim 2 wherein said 
means for allowing urine to exit the body is a silicone 
tube that is attached to said valve means. 



wo 93/16659 |/ 3 PCT/US93/01797 




SUBSTITUTE SHEET 




PCr/US93/01797 



SUBSTITUTE SHEET 



wo 93/16659 / Z ^ PCr/US93/01797 



FIG. 6 




SUBSTITUTE SHEET 



INTCRNATIONAL SEARCH REPORT 



CT MATTER 



7US93/01797 



A. CLASSinCATION OF 
IPC(5) :A61F 2A)4 
US CL :623/12 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 623/12 623/11,600/29-31 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US, A, 5,019,102 (Hoene) 28 May 1991 See Abstract and 
figures. 

US,A, 4,976,735 (Griffith et al.) 11 December 1990 Seethe 
entire reference. 

US, A, 4,961,747 (Wascher et al.) 09 October 1990 See the entire 
reference. 

US,A, 5,041,077 (Kulick) 20 August 1991 See Abstract & 
figures. 

US,A, 5,012,822 (Schwarz) 07 May 1991 See the entire 
reference. 



1-12 
1-12 
1-12 
M2 
1-12 



I x| Further documents are listed in the continuation of Box C. [ | Sec patent family annex. 



.p. 



Specifti alecpriea of died documcati: 

documeat defiainf the geaeml«tBte ofthe ait which it not coot idered 
to be pmjt of poftkular lelevftnce 

eariier donnnrnt ptibliahed on or after the nteniatioQa] niicf due 

docurocsi which may thraw doubts oa priority ctatni(i) or whkh ie 
cttod to estabti«h the publicatioo date of tnotber citotioa or other 
v(ta tpecifted) 



document refenint to ta oral diacloaure, uae. exhibition or other 



documeat publiBhed prior to the tntematiooal f\lmg dole but bter iKm 
the priority date claimed 



later document published alter the intenatiooal nUog dale or pnunty 
dale aod oo( io ooixllict with the tpplicatioo but cited to u»lcnteal Om 
principie or theory undcrtyinf the iaveaiioo 

docuDcat of paiticuiir Tttevaoce; dac claimed i&ventioo cannut be 
cooMdcTBd Dovel or canoot be couidered to involve ao iovcaifvr ocp 
when the docuDCBt ia ***rii akmo 

documeat of paitkukr ftkyioce; the cUioied bvcxttioe caniui be 
cooiidend to mvoWe aa isvcBtive step when (he documcoi « 
cooibioed whh ooe or more other aucb doctBncata. luch combrnM^a 
bcias obviouato a pcraooakilkd ia the art 

document awobcr of the tame paieot fftmily 



Date of the actual completion of the international search 
18 APRIL 1993 



Name and mailing address of the ISAyUS 
Commissioner of PateiUs and Trademarks 
Box PCT 

Washington, D.C. 20231 
FacsimUe No. NOT APPLICABLE 



Dilc of mailing of the mlttrik^ 



nal search report 



Authorized officer 



^ EVIZABETH BURKE 
Telephone No. (703) 308-2996 



Form PCT/ISA/210 (second sheet)(July 1992)* 



Category* 



m 



jcmational application Ko. 

PCT/'US93/0i797 



C (Continuation). DOCUMENTS ;^^IDERED TO BE RELEVANT 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US,A, 4,969,474 (Schwarz) 13 November 1990 See the entire 
reference. 

US,A, 4,222,377 (Burton) 16 September 1980 See Abstract & 
:igures 

US, A, 4,167,952 (Reinicke) 18 September 1979 See Abstract 
and figures. 



1-12 
1-12 
1-12 



Form PCT/ISA/210 (continuation of second shcct)(July 1992)* 



